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1. Hesab 1 n1aHUpPyeMble Pe3yJbTAThl 0CBOECHHS JMCIHUIIUHbI

Lenbt0 OCBOCHMSI JUCHUIUIMHEI ABISICTCA (POPMUPOBAHUE CIIECAYIONIMX KOMIIETSHIUI:

OIIK-1. CnocobeH aHanuM3MpOBaThb M MHTEPIPETUPOBATH PE3YJbTAThl XUMHYECKHX
HKCIIEPUMEHTOB, HAOIIOJCHUN 1 N3MEPEHUH B PA3IMYHBIX 00JaCTAX XUMHU;

OIIK-2. CiocobeH MpoBOANTL CHHTE3, aHAIN3, U3YUEHUE CTPYKTYPBI U CBOMCTB BEIIIECTB
Y MaTEepUaJIOB, UCCIEA0BATh MIPOLIECCH] C UX YUACTUEM;

OIIK-3. CriocoGeH MpUMEHSATh PacU€THO-TEOPETUUECKUE METOIBI JUIsl N3YUEHUST CBOMCTB
BEIIIECTB M MPOLIECCOB C UX YYAaCTHEM, UCIIOJIb3Yysl COBPEMEHHOE MPOrpaMMHOE o0ecredeHrne 1
0a3bl JaHHBIX MPOPECCUOHANBHOIO HA3HAYCHMUS,

I1IK-1. CnocobeH mnaHupoBaTh paboOTy W BBIOMpPATh aJeKBAaTHBIE METOJbI PELICHHUS
HAYYHO-HCCIIEIOBATEeNIbCKUX 33/1a4 B BRIOPAHHOM 001aCTH XUMHUH, XUMUYECKONU TEXHOJIOTHH WU
CMEXHBIX ¢ XMMUEH HayKax.

Pesynbraramu 0CBOEHUS NUCHUILUIMHBI ABJISIOTCS CIAEAYIOIINE WHIMKATOPBI JOCTHKEHUS
KOMIIETEHLIH:

POOIIK 1.1 3naer TeopeTnyecKkre OCHOBBI HEOPTraHUUYECKON, OPTaHNIECKOM, (PU3UIECKOI
U aHAIUTUYECKON XMUMHHU, MPUMEHSET MX MPH pPelIeHHH MPO(PECCHOHATBHBIX 337ad B JIPYTHX
00JacTsSIX XUMHH.

POOIIK 1.2 VYmeer cucreMaTu3upoBaTb M HMHTEPHPETUPOBATH  PE3YJILTATHI
9KCIIEPUMEHTOB M PaCYETHO-TEOPETUUYECKUX PAOOT C MCMOJIH30BAHHUEM TEOPETHUECKUX OCHOB
TPaJMLIMOHHBIX U HOBBIX Pa3/eIOB XUMHUHU

POOIIK 1.3 YMmeer rpamoTHO (popMyIHpOBaThH 3aKIIOYSHHS U BBIBOJIBI 110 pe3yjbTaTaM
paboTsl

POOIIK 2.1 3naer cranaapTHbIE IPUEMBI U ONEPALUU, UCIIOIb3YEMbIE ITPU MOJIYYECHUHN
BEILECTB HEOPTaHUYECKOW U OPraHUYECKON ITPUPOLBI

POOIIK 2.2 3HaeTr TeOpeTU4eCKHME OCHOBBI METOJOB M3YUEHUS COCTaBa, CTPYKTYpHI U
CBOWCTB JIJIsl TPaMOTHOTO BBEIOOpA METO/1a MCCIIEIOBAHHUS

POOIIK 2.3 VYmMeer mnpoBOAWTh CTaHIAPTHBIE CHHTE3bl IO TOTOBBIM METOJAMKAM,
BBIIOJHATh CTAHJAPTHHIE OIEpalMM JUIs OINpEAeTeHUs XUMHUYECKOro M (a3oBOro cocTaBa
BEIIECTB U MAaTEPUAJIOB, a TAKXKE UCIIOIb30BATh CEPUITHOE HayYyHOE 000pyA0BaHUE ISl U3YUEHUs
WX CBOWCTB

POOIIK 3.1 3HaeT OCHOBBI TEOPETHUYECKOM (PHU3MKH, MaTEeMaTHYEeCKOro aHalu3a u
KBaHTOBOI XMMHUU; OCHOBHBIE TEOPETHUECKHUE U TIOTYIMIUPUUECKUE MOJIENH, TPUMEHSIEMbIE TPU
pELIEHNN 3a]a4 XMMHYECKON HalpaBICHHOCTH

POIIK 1.1 YMmeer pa3pabaTeIBaTh CTpATErHIO HAYYHBIX HCCIICTIOBAHUN, COCTABIISIECT OOIIIHI
IJIaH U I€TAJbHBIE TUIaHbI OTJIEIbHBIX CTAUN.

POIIK 1.2 Ymeer BbIOMpaTh 3KCHEPUMEHTAIBHBIE U PACYETHO-TEOPETHUECKUE METO/IbI
pEILIeHUs TOCTABJICHHOM 3a7jau, UCIOJIb3Ysl JOCTHKEHUS! COBPEMEHHOM XMMUYECKOW HAyKH, U
UCXOs U3 UMEIOIINXCS, MaTepHalIbHbIX, THPOPMAIIMOHHBIX U BPEMEHHBIX PECYPCOB.

2. 33[[3"[1/[ OCBOCHHUSA JUCHUIIJINHBI

~  OCBOUTH OCHOBBI CTPOCHHUS TBEPJBIX TEJ, THUITBI U POJU Je()EKTOB B TBEPABIX TeJax,
B3aMMOCBS3b MEXIY COCTAaBOM, CTPOCHHEM M CBOHMCTBAMH MaTEPHAIOB; TEOPETUUECKHE OCHOBBI
CII0COO0B OYHCTKH TOTYIPOBOTHUKOBBIX MAaTEPHAIIOB OT IPUMECEH U UX JICTUPOBAHUS, METOIBI
CUHTE3a TBEP/IBIX BEIIECTB, MPUHIIUIIBI MPOTEKAHUS TBEPAO(DA3HBIX PEaKIInii;

- Hayuntbcs oICeHMBATH BO3MOXHOCTH HANpPAaBICHHOTO W3MEHEHHS TEX WM HHBIX
busznyeckux U (PU3NKO-XUMUYECKUX CBOWMCTB MATEPUAIOB IMyTEM HUX MOAM(PHUKAIUU U BBIOOpa
YCIIOBUH MOJTy9ICeHUS HA OCHOBAHHH MCITOIH30BaHMSI 3HAHUH O COCTaBe, CTPYKTYPE H PEaKIIMOHHON
CHOCOOHOCTH TBEPJIBIX TEJ.

- OBiageTb CBEJICHUSIMU 00 o0acrtax MIPUMEHEHUS MeTaJNINYEeCKUX,
MOJTYTIPOBOIHUKOBBIX U IUAJICKTPUUECKUX MAaTEPHATIOB B OIITO- U DJIEKTPOHHON TEXHUKHU.

3. MecTo AMCHUIIMHBI B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl



JucrunnuHa otHOcUTCA K biioky 1 «/luctiurnmuna (MoTyn)y.

JlucummimHa OTHOCUTCS K 4YacTH O00pa3oBaTeNbHOW MPOrpaMMBI, (OPMUPYEMO
y4acCTHUKaMU OOpa30BaTelIbHBIX OTHOLICHWM, Mpesuiaraercs oOydalolmuMcs Ha BbIOOD.
JucuunnmHa BXoauT B Moayins Xumusi MaTepHuaios.

4. Cemectp(bl) ocBOeHHs U GopMa(bl) MPOMEKYTOUHOI aATTECTALMH MO TUCIHILJINHE

CenpMoii ceMecTp, IK3aMEH

5. BxoaHble TpeOoBaHMs AJIsl OCBOEHUS THCUMILINHBI

Jlnist yCHemHoro OCBOCHUS AUCIUILTUHBI TPEOYIOTCS KOMIIETEHIINH, C(POPMUPOBAHHBIC B
XO0JI€ OCBOEHHsI 00pa30BaTeIbHBIX IPOrpaMM IPEIIECTBYIOLIET0 YPOBHS 00pa30BaHuUs.

JUisi  yCHEemHOrO0 OCBOCHMS JUCHUIUIMHBI TPEOYIOTCS pe3ylnbTaThl OOy4eHHUs I10
CIEIYIOIIMM AMCLMIIMHAM: HEOPraHW4YecKas XHMHs, AHAIUTUYECKAs XUMMs, OpPraHHYEeCKas
XUMHUA, (pu3nyecKkas XUMUs, BBICOKOMOJIEKYJISIPHbIE COEIMHEHHs, KBAaHTOBas XUMHUs, (UMK,
METO/Ibl MATEMATUYECKON CTATUCTUKHU B XUMUHU.

6. SI3bIK peaau3anuu

Pycckuit

7. O0BbeM TUCUHUILIHHBI

OO61ast TpyA0€MKOCTh IUCHHUIUIHHBI COCTaBIsIeT 4 3.¢., 144 yacoB, U3 KOTOPBIX:
-neKnuu: 32 u.
-IIPaKTUYECKUE 3aHITHS: 32 4.
B TOM YHCJIEC IPAKTUYECKast MOArOTOBKa: 32 .
O6beM caMOoCTOSATENbHOM paboThI CTYIEHTA OINpeieieH YUeOHbIM IJIAHOM.

8. Conepma}me AUCHUIIVIMHBI, CTPYKTYPHUPOBAHHOE€ 110 TEMaM

Beenenue. OcHOBHBIE MaTepualbl 3JEKTPOHHON TexHUKHU. lIpencraBieHuss Hayku o
TBEPJIOM COCTOSIHMHM BemiecTBa. CBsi3b CBOMCTB MaTepUaiOB CO CTPYKTYpPOH M COCTaBOM.
Knaccudukanus TBepAbIX MaTepuajoB MO XUMHUYECKOMY COCTaBy, CTPYKTYpE, CBOWCTBaM U
(GyHKIMOHATFHOMY Ha3zHaueHUt0. OyHIaMeHTaIbHbIE W MPUKIIAIHBIE TTPOOIEMBI SJIEKTPOHHOTO
MaTepHUaIOBEICHHUS.

Y.| IToaynpoBoAHUKOBbIE MATEPHUAJIbI

Tema 1. Knmaccuduxamusi smeMEHTapHBIX MOIYIPOBOJHUKOB M TOTYIPOBOAHHUKOBBIX
COCTUHEHUH.

Knaccudukanus TBEpApIX TeN: METalllbl, H30JSTOPBI, TMOTYNPOBOAHUKH. (OCHOBHBIE
buznUecKkue M XHUMHUYECKHE CBOWMCTBA IMOJYNPOBOJHHUKOB. PacmpeneneHue siaeMeHTapHBIX
MOJIYNPOBOJIHUKOB B mnepuoandeckon cucreme JI. M. MenneneeBa. J[BOMHBIE COEAMHEHHS,
knaccuukanust ux. IlpaBuma oOpa3oBaHus  aaMaszoNoOAOOHBIX  TOJYIPOBOJHUKOB €
TETpa’ApPUUYECKON KOOpAUHALMEN aTOMOB. M30351€eKTpOHHBIE psiibl. TpOlHbIE, YeTBEPTHHIE U T. 1.
MOJIYTIPOBOTHUKOBBIE coeTMHEHUsI. CBSI3b CBOMCTB COSUHEHUN C TIOJIOKEHUEM B ITEPUOIMUECKOM
cucreMe. @a3pl NEPEMEHHOTO cocTaBa. TBepnabie pacTBopbl. llpupona Xumuueckoil CBs3H,
CTPYKTypa U KOOpAWHAIUS aTOMOB. KpuTepuu mosynpoBOIUMOCTH.

Tewma 2. Teopus gedeKTHOTO KpUcTaLia

3ajaun CTAaTUCTUYECKON TEPMOJIMHAMUKHA ¥ KBAHTOBOM CTAaTUCTUKHU B TEOpHUH JEHEKTHOTO
kpucrtauia. CoBpeMeHHasi TPaKTOBKA 3aKOHOB MPOCTHIX U KPATHBIX OTHOIICHHWH M MOCTOSHCTBA
COCTaBa B MPHUMEHEHHUU K KPUCTAUIMYECKHM pelieTKaM. BImKHUN W JMadbHUN TIOPSAIOK B
KpHUCTaie.

Bunsr nedexroB: ToueuHble, IUIOCKHE, OOBEMHBIC, NpOTsHKeHHBIE. Kitaccudukarms
nedeKToB U ACPEKTHBIX CTPYKTYp: CTPYKTYpPHI CMEIIEHUS, Pa3pbIXJICHUS, B3aUMO3aMEIICHHUS,
JIeJICHUs, BBIYMTAHUS, 3aMelleHus, BHeapeHus. CoOCTBEHHBIM OECHopsIoOK B KpHCTaIax



(rerutoBbie  medexThl). 3aBucHMMOCTh nedexToB @Dpenkens u [lloTTku oT Temmeparypsl.
TepMoauHaMUYEeCKUH BBIBOJ] YCTOHYMBOCTH KpHUCTaIoB ¢ Aedekramu. CroxHble Ae(EKTHI.
Buns! B3aumoneiictus nedekroB B kpuctamuiax. [Ipumepsl.

[TonynpoBoiHUKY KaK (ha3bl mepeMeHHOro cocTaBa. Kputepun ycroiunBocTH (a3, 001acTh
roMmoreHHocTH. Knaccugukanus a3 nepemenHoro cocrana. IIoHsATHE 0 TEPMOAMHAMUYECKOM P-
n-niepexoje. [Ipumenenne k azam nepeMeHHOro cocraBa npasuia ¢a3 ['udoca.

PaBHOBecus B Ie(eKTHBIX KPUCTAJIIAX: TOMOTE€HHOE, T€TEPOTreHHOE, ITOJIHOE BHYTPEHHEE
paBHOBECHE, YAaCTHUYHOE WM «KBa3UpaBHOBECHOE» cocTostHHe. ['paduueckuii MeTo] pacyera
paBHOBECHOM KOHLeHTpaluu Aedexron (Meroq Kprorepa u Bunka).

XUMHUYECKHUE CIICACTBUS CYIIECTBOBAaHMS 1e()eKTOB B KpHcTaiax. Biusuue nedekroB Ha
(bu3nyeckre CBONCTBA KPUCTAIUIOB.

Tema 3. MeTopl OUMCTKH MTOITYIIPOBOAHUKOBBIX COEINHEHUN

TpeGoBaHMsI UUCTOTHI B OTHOILIEHUH ITOJIYIPOBOJHUKOBBIX BeriecTB. Kimaccudukanus oco6o
YUCTBIX BEIIECTB U MAaTEPHAJIOB, IPUMEHIEMBIX B IIOJYIIPOBOIHUKOBOM TexHUKe. HopmMupoBanue
MHUKponpumeceid. XpaHeHHe 0co00 YMCThIX BEILECTB.

OCOOEHHOCTh METOJOB TOJYYEHHS OCO00 4YHCTHIX BemiecTB. OCHOBHBIE TNPOOJIEMBI
riryOokoi ouncTku. TepmoauHaMuyeckas yCTOHYMBOCTb KpUCTa/Ula ¢ MpuMecbio. OCHOBHBIE
TEPMOJMHAMHYECKHUE XapaKTEPUCTUKU 0CO00 YUCTHIX BEIIECTB.

Qusuxo-xumuyeckue memoovt ouucmiu ewecms. DKcTpakiusa. CoocaxacHue. MoHHBIN
oomen. Juctmmnsmus. Pexktudukamus. DIeKTpOXUMHUYECKHE METOAbl. XpoMaTorpagpuueckue
MeTobl. [IpuHIKII METO0B, OCHOBHBIE 3aKOHBI M 3aKOHOMEPHOCTH IIPOLIECCOB, MATEMATUYECKUE
OINMCAHUS.

DQusuueckue memoowvt ouucmku. Kpuctamumsanus TBEpIOro BELECTBA U3 paciulaBa. 3aKOH
pacnpenenenus. Koaddumment pacnpenenenns K. TepmommHamudeckwii BeiBog K u ero
3aBHCHUMOCTb OT TEMIIEPATYphl U KOHLICHTPALIUH.

Meton 30HHOW TMJaBKU (TUTENBHOW W OecTurenbHbI). BeiBox ypaBuenus Ildanna.
I'paduueckoe pacnpeaeneHue npumecei Boib cTepkHsa. [IpenenbHoe pacnpenenenue. Biausaue
pa3IuYHbIX (PAKTOPOB HA CTENEHb OYUCTKU ITPU 30HHOM IJIaBKE. 30HHOE BbIPABHUBAHUE.

Ponp nuddy3noHHbIX nporeccoB Mpu 30HHOW ouucTKe. PaBHOBECHbIE M HEPaBHOBECHbBIE
ycioBus Kpuctaymmusanuu. ['paduueckuii ciocod onpenenenus Ksgp.

Meton HanpaBineHHON KpucTtamumn3anuu. CymHocTs MeToa. BeiBog ypaBHeHus. Kpurepuu
3¢ (HEKTUBHOCTH OYUCTKH KPUCTAUIN3AllMOHHBIMUA METOJaMHU.

Tema 4. CuHTE3 NOIYNIPOBOJHUKOBBIX COEIUHEHHUHN.

[IpsimMoii cHHTE3 COeIMHEHUH CIUIABIEHUEM DPACCUMTAHHBIX KOJIMWYECTB KOMIIOHEHTOB.
CuHTe3 coeIMHEHUH, MMEIUIMX JIETKO JIETYy4YMil KOMIIOHEHT. TemmeparypHas 3aBHCHMOCThb
yOpyroctu napa. PaBHOBecre B ra3oBOM CHCTEME, COJEpKalleil MOJEKyJbl Pa3HOro copra.
TepMoaMHAMUYECKUIA pacyeT yCIOBUI MOTY4YEeHUs CTEXUOMETPUUECKUX KPUCTAIIOB (Ha MpuMepe
CHHTe3a apceHuja rauus). [losHoe paBHOBECHOE ONMMCaHHWE auarpamMMmbl coctostHus Ga- AS).
JIByX, -TpexTeMnepaTypHbIii CHHTE3. XUMUYECKUE METO/IbI CUHTE3A.

Tema 5. MeTtons! BeIpaliuBaHUs MOHOKPUCTAIIJIOB

OOmiast xapakTepuCcTUKa METOOB BbIpammuBaHus. OOmias TepMOAMHAMHUYEcKass TEOpHUs
pocTa KpUCTaJJIOB. BEpOSITHOCT M TEPMOJUHAMHYECKHUE YCIOBUS OOpa30BaHMSI KPUTUUYECKUX
3aponpliel. BimsHue mnepechllleHHs M TOBEPXHOCTHO-aKTHBHBIX BEIIECTB HA BEIWYUHY
3apojiplllia KpUcTasia.

Buipawuearnue uz pacniasos.

OO0mas xapakTepUCTHKAa METOJOB BBIpAlIMBaHMs W3 paciuiaBa. Merton YoxpamabCkoro.
TexHoornueckne ycioBUsl IOJYYEHHUS COBEPUIEHHBIX MOHOKpHCTA/UIOB. PacmpeneneHue u
BbIpaBHUBAaHUE MTPUMECEN B pacTyllleM KpucTaJlje.

Metoa 30HHOW NEpPEeKpUCTAIUIM3ALMU. MeTobl HalmpaBICHHON KpHUCTAIM3alMU (METOA
bpumxmena, meron Yanmepca). [ledexTsl npu BeIpalliliBaHU MOHOKPUCTAILIOB. TemnepaTypHas
3aBHCUMOCTh KOHLIEHTPAIIMH TOYEUHBIX JEPEKTOB.

Buvipawuseanue uz pacmeopos.



TpeboBanuss k pactBoputensiM. (OCHOBHBIE PACTBOPUTENH. BrIpammuBanue U3
uHM((HEPEeHTHOTO PACTBOPA, U3 U30BITKA HCXOJHOTO KOMITIOHEHTA.

Pocm kpucmannos uz eazosoii ghasoi.

[IpocTble W »BNHMTaKCHABHBIC IUIEHKW; CHOCOOBI TOdy4deHus. OCHOBHBIE METOJIBI
SMUTAKCUATBHOTO Hapal[BaHUSI.

IIpssMo#t cuHTEe3 M3 mapoB. TepMOAMHAMUYECKUI pacdeT MapLUUaIbHbIX JABICHUN ra30oB
IpU pOCTE CTEXUOMETPUYECKUX KpPUCTAIIIOB. TeMmepaTypHbIi pexuM H JedeKTbl Mpu
BEIpAlIMBAaHUN MOHOKPHCTANIOB. PaBHOBECcHEe pacTyIiero kpucramia ¢ mapoou ¢azoil. Pacuer
KOHIEHTpauui 1eeKToB B KPUCTAILIE B 3aBUCUMOCTH OT JaBJICHUS TAPOB JIETYYero KOMIIOHEHTA.
[TosryyeHne MOHOKPHUCTAIIOB 3aJaHHOTO TUIIA ¥ BEIMYMHBI IPOBOJAUMOCTH.

MeTto/ ra30TpaHCIOPTHBIX peakiuil. TepMoauHaMUYeCcKre YCIOBHS U BBIXOJ] TPAHCIIOPTHBIX
peaxuuii. [IpuMepsl NOIyUYEHUS 3NMUTAKCUAIBHBIX CJIOEB 3JIEMEHTAPHBIX U JIBOMHBIX
COCTUHEHUN.

HccnenoBanne HECOBEPUIEHCTB MOHOKPUCTAUNIMYECKUX IUIEHOK. TepMoIMHaMUYECKHUIl
pacueT KOHIIEHTpAlMK IpUMecH Mpu TpaHcnopTe. Mcnonp30BaHne ra30TpaHCIOPTHBIX peaklui
JUISL OYMCTKH MOJTYIIPOBOJAHUKOBBIX COEAMHEHUH.

Tema 6. JlerupoBanue morynpoBOJIHUKOB

OU3NKO-XUMUYECKUE OCHOBBI JIETUPOBAHUS MOJYIPOBOIHUKOB.

JlerupoBaHue METAITYPrUYECKUM CIUIaBlieHueM. PacueT nurarypel.

[ToBepxHocTHOE MU dy3HOE NerupoBanne. 3akoHbl duka. PacripenencHre KOHIIEHTPAITUN
muddyraupyromieln npumecu Briyos obpasma. Koaddunuent auddysun () xak BenuyuHa
KMHETHYECKasi U TepMOJUHAMHUECcKasl. 3aBUCUMOCTb /[ OT Temneparypbl, KOHIEHTPA[MK U TUIA
neheKToB.

Mexanusmbl  auddysun. JlernpoBaHue dIeMEHTApHBIX IOJYIPOBOAHUKOB. Brmsxue
KOHIIEHTpaluu J1e(eKTOB Ha pacTBOPUMOCTH MMpuMecH. JIerupoBaHWE HECTEXMOMETPHUECKHUX
CoeIMHEHU . 3aBUCUMOCTh PACTBOPUMOCTH IIPUMECH OT XapaKTepa U KOHLEHTpaluu 1e(peKToB U
JABJICHUSI IETYYEro KOMIIOHEHTA.

DNEeKTpOHHOE W HMOHHOE JerupoBanHue (dnauonHuka). CymHOCTh MeToda. PammanumoHHO-
CTUMYyJUpOBaHHas AUPy3usl.

Tema 7. HaHOTEXHOJIOTHS TOIYTIPOBOAHUKOBBIX CTPYKTYP

HanocTpykTypupoBaHHbIE KPUCTAIIBI, X XapaKTepHbIe pa3MepHble 3PPEKTHI U OTINYHE OT
00BeMHBIX KpUCTAUIOB. (OCHOBHBIE MOJIYIPOBOJHUKOBBIE COEIUHEHHS, MCIIONb3yEeMbIE B
HaHoTexHoorun — Ge, Si, coenuuenns ABY (GaAs, InAs), A'BV! (CdS, CdTe). Jlokanuzamus
AJIEKTPOHOB B HAHOCTPYKTypaxX M CBs3aHHble ¢ Hed dddekrsl. OOnacT TpUMEHEHUS
HAHOTEXHOJIOTUU: TIOJIEBBIE TPAH3UCTOPBHl C JIUCKPETHBIM IIEPEHOCOM DJHEPIHH, Ja3epbl Ha
KBAaHTOBBIX TOYKaX Ha OCHOBe auona m — GaAS, rereposnuTakCHalbHBIE CTPYKTYpPBHI C
HaHOcTosiMH.  [IpuMeHeHuMe — yriaepoaHbIX  TpyOok  (dymepeHbl) B TEXHOIOTHUHU
MOJyIPOBOJIHUKOBBIX ~MPUOOPOB B  KAdyeCTBE 3aTBOPOB, MEXKCIONHBIX KOHTakKTOB U
HEINOCPEACTBEHHO MOJIYIPOBOAHUKOB C Pa3IMYHOMN IUPUHOMN 3aIIPEIIEHHON 30HBI.

Y.ll.@yHKkuHOHAIBHBIE MATEPHAJIbI (MeTAJIbl, KepaMHUKa, MOJUMepPbI)

Tema 8. MeTasuibl U CIuIaBbl CO CENUATBHBIMU CBOMCTBAMU

Teopuu memannu4yecko2o cocmosHus: TEOPUS CBOOOJIHBIX 3JEKTPOHOB, €€ HEJOCTATKH;
KBAaHTOBO-MEXAaHUYECKasl TEeOpus DdJIEKTPOHOB; 30HHAs Teopus TBepAblXx Ten. CTpykTypa
MeTayioB. da3pl B METAINIMYECKUX CIUIaBaX: TBEPJbIE PACTBOPHI, HHTEpMETaUInYecKue (asbl.
HckaxeHus: pemerok (auciokanuil) W nedeKThl CTPYKTYPBI, CBS3b MEXKAY JIUHEHHBIMU
nedexTaMu U CBOMCTBaMU METAIIJIOB; ITyTH YIIPABJICHUS JUCIOKAMOHHBIMU J1e(peKTaMH.

Onekmpuueckue ceolicmea memannog. dusnueckas TMpuUpoAa DIEKTPOIPOBOIHOCTU
MeTayyioB. [Ipupona compoTHBIEHHS METaUIOB; LIEHTPBl paccestHUs U MpaBwiio MaTTHCCEHa.
TemmnepaTypHas 3aBUCUMOCTb YJEIbHOTO CONPOTHUBJICHUS METAINIMYECKUX MPOBOJHUKOB.
Brnusinue npumeceil u Apyrux CTpyKTypHbBIX 1e(EKTOB Ha yAEIbHYIO MPOBOAMMOCTh METAJLIOB.
Mertanibl, UCNIOJIb3yEMBIE B KAUECTBE IPOBOJHUKOB B 3JIEKTPOHHOMN TEXHHUKE.



Csepxnposooswue memannvt u cniaagvl. OCHOBHBIE CBOMCTBA CBEPXIPOBOAHUKOB: 3(pdexT
Meiiccuepa — Okcendennaa, 3¢ pexts! [Ixo3edcona, CBEpXIpOBOIHUKHU IIEPBOTO U BTOPOTO POAA,
KPUTUYECKHE MarHuTHBIE MOJsL, KpUTHUYecKuil Tok. IIpupona siBieHUs CBEpXIPOBOAMMOCTH,
U30TONMHMYECKUI  APQEKT, KymepoBCKHE TMapbl, (OHOHHBIH W OSKCUTOHHBIH MEXaHU3M
npoBogumocTH. KoMMepueckue MmaTepuaibl U NPUOOPHI HA OCHOBE CBEPXIIPOBOAMMOCTH:
CHJIbHOTOYHBIE U C1a00TOYHBIE TEXHOJIOTHH.

Maenemuszm memannuueckux meepovix men. Ilapa- u quaMarHeTuku, GeppoMarHeTUKH,
MarHUTOCTPUKLUSA, DPACHpeeNieHHe MAarHUTHBIX MOMEHTOB TP TOMEIICHUH Pa3IUYHbIX
MarHeTMKOB B MarHUTHOE I10Jie; BIMsAHUE Temneparypbl: 3akoHbl Kropu u Kropu-Beiicca;
MarHeTH3M KOJUICKTHBHU3UPOBAHHBIX 3JEKTPOHOB. MarHUTOMSTKHE ¥ MarHUTOTBEpIbIC
MaTepHabl.

Tema 9. Kepamunueckue marepuabl

Obwue ceedenuss o kKepamuueckux mamepuarax (KM). CrtpykTypa W CBOWMCTBa
Kepamuiyeckux MatepuanoB. Kmaccudukamus u xapaktepuctuka KM: oxcuaHas Kepamuka,
OeckuciaopoAHas KepaMuka, KepMmeTbl. TBeprodasHble peakluM B CHHTE3€ KEepPaMHUYECKHX
MaTepuaioB: THUIBI TBEpAO(A3HBIX peakiuil; crenuuyeckue OCOOCHHOCTH MEXaHU3Ma,
KUHETHKa U TEPMOJMHAMUKA TBEPA0(a3HbIX peakuil ¥ IpeBpaleHUH.

Dnekmpuueckue ce0licmea KepamMuKi.

JluaneKTpuueckas KepaMuKa: MeXaHU3Mbl OJSIPU3aLUM KEPAMUKH B 3JIEKTPUUYECKOM II0JIE;
bE€30-, CErHETO- M MHUPOIJICKTPUYECKas KepaMHUKa, B3aMMOCBSI3b MEXAY IbE30-, CETHETO- H
HNUPO3JIEKTPUUECKUMHU CBOMCTBAMHU.

BricokoTemmiepatypHasi CBEpXIIPOBOIAIIAS KepaMHKa: OCOOCHHOCTH KpPUCTAUIOXUMHUHU
BBICOKOTEMIIEPATYpHbIX  CBepXHpoBoAHMKOB. Kpurnueckne mnapamerpel BTCIL.  Ilytu
noBbllIeHUsT kputnyeckux xapakrepuctuk BTCII-matepuanos: O6nactu npumenenus BTCII-
MaTepHaJIoB U €€ NePCHEKTUBBI B TEXHUKE.

Honnsie npoBoaHuKkU. Kpurepun BOZHUKHOBEHHUS CYTIEPHOHHOTO COCTOSIHUSI TBEP/IBIX TEIl.
Baxueliye THnbl NpoBOAHUKOB. [IprMeHeHe TBEpIbIX 3IEKTPOIUTOB.

Kepamuueckue ¢eppumoui. Knaccuduxarmus deppuroB. MarHutoMsarkue ¢GeppuTsl CO
CTpyKTypol mmuHenu. @DeppuTbl € TEKCaroHalIbHOM KPUCTANIMYECKOM  CTPYKTYpOM
(rexcadepputsr). DeppUTHI CO CTPYKTYPOH rpaHaTa.

Onmuueckue c8olicmeéa Kepamuyeckux mamepuanos. XapaKTepUCTHKa ONTHUYECKHX
KePaMUYECKHX MaTepHAIIOB; METOABI IMOJYyYEHHs MPO3PAYHON KEPaMUKH; JIIOMUHECIICHIUS U
JTIOMUHOGOpPBI, MPUHIMI padoThl Ja3epa, oOmwue TpeOoBaHMS K TBEPAbIM MaTepHajam,
UCTIONIb3YEMBIM B Jla3epax.

Tema 10. ITonmumepHbIe MaTepuabl

Dusuko-xumudeckue NPUHYUnvl CO30aHUE NOIUMEPHLIX MAMEPUAN08 ¢ 3A0AHHLIMU
ceovicmeamy. OCHOBHBbIE TPHUHIMIIBI XUMUYECKOH M (hU3NYecKOH MoaM(UKAIUK HOIMMEPOB.
[TonumepHbIE  KOMITO3WIIMOHHBIE MaTepHabl:  KiIacCH(PUKAaNWs HANOJHHUTENEH, MOJeINb
CTPYKTYpbl HAIlOJIHEHHOTO MOJUMepa, MOoAW(UIUpYIOIKe AeWCTBUE HAIMOJHUTENeH Ha
NOJMMEPBl. MOJIEKYISIpHBIE KOMIUIEKCHl TOJMMEPOB: CBOHCTBA M CHOCOOBI ITOJyYEHHUS.
Mertannopranndeckre moJIMMepbl, OJTyUYeHHbIE Ha OCHOBE METAJUICOIEPKAIINX MOHOMEPOB.

Dnexmpuyeckue c80UCMEa NOAUMepPOos. XUMUS TPOBOSIINX MOJUMEPHBIX COCIMHECHUH;
TUIBl TPOBOSIIMX TOJMMEPHBIX BELIECTB: MOJUMEPHl C HIEKTPOHHOH INPOBOAUMOCTBIO
(HamoJTHEHHBIE TPOBOMSAIINE TIOJIMMEPHI, TOJIMMEPHl C CHUCTEMOW CONPSHKEHHBIX CBS3ei),
MOJIMMEPB! ¢ MIOHHOM MPOBOJUMOCTBIO; MEXaHU3M IepeHOoca 3apsiaa B MPOBOIAIIUX ITOJIUMEPAX.
OTnuuuTeNnbHBIE OCOOEHHOCTH TOJMMEPOB C CHCTEMOH COMPSHKEHHBIX CBS3EH, TBEPABIX
MOJIMMEPHBIX AIEKTPOJIUTOB, X UCTIOIH30BAHUE B COBPEMEHHBIX YCTPOICTBAX.

Onmuueckue ceoticmea noaumepos. MeTonbl cuHTE3a (HIyOPECIHPYIONIX MOIMMEPOB.
doToduznueckre Mporeccs B MojJuMepax: oopazoBaHue BO30YKICHHBIX COCTOSIHUNA M TIEpEeHOC
PHEPTUH, TymeHue (iayopecueHun nodaBkamu. [IpuMeHeHne (JIOMUHECHIEHTHBIE COJTHEYHBIE
KOHIIEHTPATOPbI, MaTEPUAIBI ISl JTa3€PHOM TEXHUKN).

Kuokokpucmaniuueckue (KK) noauMepbl. [TpuHIHTIBI MOJIEKYJISIPHOTO



koHcTpynpoBanus KK momumepoB. CtpykTypa m ocobeHHocTH cBOMCTB JKK mommmepos.
Hcnonb3oBaHue B COBPEMEHHBIX YCTPOMCTBAX: CO3/JaHME HOBBIX THUIIOB TOHKOIUIEHOYHBIX
ONTUYECKUX MATEPUAIOB U JJIEKTPUYECKU YMPABISEMBIX Cpel A 3aluCh U OTOOpaKeHUS
uHpOpMaLnu.

9. Tekymunii KOHTPOJIb 1O AUCHUIJIMHE

Texkymui KOHTPOJb M0 AUCLUIUIMHE IPOBOJUTCS IIyTEM KOHTPOJISA IOCELIAEMOCTH,
BBINOJIHEHUS] TEOPETHUYECKMX M PAcu€THBIX AOMAIIHUX 3aJaHUN, YCTHOIO OIPOCa/TECTOB IO
JEKIIMOHHOMY MaTepHaiy, U GUKCHpYyeTcs B popMe KOHTPOIBHOIM TOUKH B CEMECTpE.

10. lopsaiok NpoBeAeHUs] U KPUTEPUH OLIEHUBAHUS MIPOMEKYTOYHOM aTTecTaluu

JK3aMeH B ceJbMOM ceMecTpe IPeICTaBIsIeT cO00i TecT u3 46 BONPOCOB pa3HbIX THUIIOB
(BBIOOp OJHOTO OTBETa M3 CIIMCKA, HECKOJbKO OTBETOB W3 CIHMCKA, HAa COOTBETCTBUE) U
nposepstonux POOIIK-1.2., 1.3, 2.2., POIIK-1.2. Ha Bompoc maercs ojHa MOMbITKA. Bpems
TECTUPOBAHUs orpaHnueHo — 45 MuH. OO0IIee KOMMYeCcTBO OAIIOB 3a TeCT — 54.

[IpuMepHBIii epeYeHb TECTOBBIX 33 JaHUN

1. KonneHtpanusi paBHOBECHBIX HOCUTENEH 3apsija B MOITYIIPOBOAHUKE ONpeeseTCs:

1. TONBKO YPOBHEM JIETHPOBAHUS

2. TOIBKO TEMIIEpaTypoit

3. oboumu daxTopamu

2. JloHOpHBIE MPUMECHBIE YPOBHH B MOIYIIPOBOJHHUKAX. . .

1. 3axBaThIBAIOT HJIEKTPOHBI U3 30HBI IPOBOAUMOCTH

2. 3aXBaThIBAIOT 3JIEKTPOHBI U3 BAJICHTHOM 30HBI

3. OTHAOT AJIEKTPOHBI B 30HY MPOBOAMMOCTH

3. Yka3ath COOTBETCTBUE TEOPUH METAJUIMYECKOTO COCTOSIHUSI IPUBEACHHOMY MIPU3HAKY

K KOTOPOMY MOXHO INIPUMCHHUTHb KHHCTHUYCCKYIO TCOPHUIO I'a30B.

1. Teopus Hpyne A) 2JIEKTPOHBI B METaJIJIE PACCMATPUBAIOTCS KaK 3JICKTPOHHBIN Ta3,

2. Teopus 3ommepdennaa

b) npocras kBaHTOBasi MO/I€Jb [TOBEICHHSI BaJICHTHBIX 3JIEKTPOHOB B
aToMe MeTajula. JJEKTPOHBI METajula pPacCMaTpUBAIOTCS B JTOU
Mozenu Kak Pepmu-ras.

3. 3oHHAas TeopHs

B) onexkTpoHbl B aroMe HUMEIOT OIpeNeieHHbIE JUCKPETHbIE
3HayeHus (ypoBHHM) sHepruu. Ilpum cOIMIKEHHMM aTOMOB Jpyr ¢
ApyroM npu oOpa3oBaHMM KpHCTala MPOUCXOAUT PpacCIICIUICHHE
OJIMHAKOBBIX ATOMHBIX DHEPreTUYECKUX COCTOSHUN AJIEKTPOHOB B
SHEPreTUYECKHE 30HBI.

OrtBer:

Pe3yHBTaTBI OK3aMCHa

OIIPCACIIAOTCA OIICHKaMH «OTJIMYIHO», «XOpOoLIo»,

«YOOBJICTBOPHUTCIBHO», KHCYAOBJICTBOPHUTCIHEHO).

Pe3ynbpTaThl IpoMEXyTOUHOM aTTeCTallMM 3aBUCSAT M YUUTHIBAIOT PE3yJIbTAThl TEKYIIETO
KOHTPOJISI - BBINOJHEHUS TEOPETHUECKUX M PAacUYETHBIX JOMAIIHUX 33JaHHUM, TECTOB IO
JEKIIMOHHOMY MaTepHuaiy. MakcuMaabHOE KOJTMUECTBO OaIoB 3a TeKymuii KoHTpois — 10.

[Tpumepsl pacu€THBIX 3aJaHU ISl TEKYLIETO KOHTPOJIA:

1. Pacuer a3¢ppexTHBHOCTH 30HHOM IJIaBKH.

2. Pacuer ycnoBuil cuHTe3a MOJYIPOBOJHUKOB U3 Ta30BOU (ha3bl

Huxe npuBoauTcs 1IKaia mepeBoja CyMMbI OalsioB 3a TEKYLIUI KOHTPOJb U SK3aMEH B

OLICHKH!

Konnuectso 6annos YpoBeHb chOpMUPOBAHHOCTH KOMITETEHIIUN Onenka

58-64 6amnnos Komnerenunu c)opMUpoBaHbl HOTHOCTHIO OTJINYHO




46 — 57 6amios KomnereHuuu chopMHUpOBaHbl YaCTUIHO XOPOIIIO

35 — 45 Gannos Komnerenunu copmMupoBans! pparMeHTapHO YAOBIETBOPHT.

Menee 35 Gamios Komnerenunu He copMUpOBaHbl, PEKOMEHIYETCS | HEYIOBICTBOPHT.
MTOBTOPHOE OCBOCHUE JHMCITUILIHHEI

11. YyeOHO-MeTOaAUYECKOE 00ecmeyeHne

a) DJIEKTPOHHBIN yueOHBIN KypC 10 AUCIUILIMHE B JJICKTPOHHOM yHUBepcuteTe « Moodley
- https://moodle.tsu.ru/course/view.php?id=21493

0) OueHouHBIE MaTepHaibl TEKYIIETO KOHTPOJIS M MPOMEKYTOUHOM aTTeCTAIlMH 10
JUCLIUILINHE.

B) [;1an npakTHYeCKUX 3aHATUHN MO AUCLUILIMHE.

12. Ilepeyennb yueOHoiIi JuTepaTypbl H pecypcoB cetu UHTepHeT

a) OCHOBHas JUTEparypa:

- @axnpman b. Xumusi HOBBIX MaTepuasioB W HaHoTexHosoruu. llep. ¢ anrn. — M. :
Jonronpyausiii: UaTennext, 2011. — 464 c.

- Copokun B. C., Autunos b. JI., Jlazapesa H. II. Marepuansl u 31€MEHThI 3J1€KTPOHHOU
TeXHUKU. [IpOBOTHUKY, TTOTYIPOBOHUKH, TUIJICKTPUKH: YaeOHUK 1iist By30B — CII0. : Jlans,
2015. - 442 c.

- Anekcannapos C. E., I'pexkoB @. ®@. TexHOJIOTHS MOJYIPOBOJHUKOBBIX MaTEPHAIIOB: y4eO.
nocobue / C. E. Anekcanapos, @. @. I'pexoB — 2-¢ u3n., uctp. — CIIOG. : Jlanp, 2012. —
230 c.

0) IOTIOHUTENbHAS JINTEpaTypa:

- 3ebpes I'. Y. ®uznueckue 0CHOBBI KpeMHUEBOI HaHOAIEKTpoHUKHU. — M. : BUHOM, 2017. —
240 c.

- MoxkpoycoB I'. M., 3apybuna O. H., bekesuna T. II. MexdasHbie npeBpaiieHus u
(opMUpOBaHNE MMOBEPXHOCTH MHOIOKOMIIOHEHTHBIX IOJYIPOBOAHHUKOB B XKHUAKUX CpEAax:
yueb. nocodue — CII6. : Jlans, 2015. — 107 c.

- Organic Optoelectronic Materials /edited by Y. Li: Springer, 2015. — 392 p.

- Cepoga B. H. I[Tonumepnsie ontudeckue marepuaisl, CI10. : Hayunble OCHOBBI U
TexHoyoruu, 2012,

- Becr A. Xumus tBepaoro tena. Teopust u npuiioxkenus. B 2-x 4.M. : Mup, 1988.

B) pecypchl cetu MHTepHeT:
- Course Plastic electronics | Coursera
- Francois Cardarelli. Materials Handbook. A Concise Desktop Reference / - Springer, Cham,
2018. DOl:https://doi.org/10.1007/978-3-319-38925-7
- Bradley D. Fahlman. Materials Chemistry/ - Springer, Dordrecht, 2018. DOI:
https://doi.org/10.1007/978-94-024-1255-0

13. Mlepeuensb HHGOPMAIMOHHBIX TEXHOJIOTH I
a) JIMLIEH3UOHHOE U CBOOOIHO paclpOCTpaHIeMoe ITPOrpaMMHOE 00ecrieueHue:
— Microsoft Office Standart 2013 Russian: maker mporpamm. Bxitouaet npusioxenus: MS
Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);
— myOnuuHO JocTymnHbIe o0maunbie TexHonoruu (Google Docs, SIHaeKe AUCK | T.11.).

6) I/IH(I)OpMaI_II/IOHHBIC cnpaBquHe CUCTCMBEI.
— DIIEKTPOHHBIN KaTaJjior Hayunoi O6ubaoTexku Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system



https://moodle.tsu.ru/course/view.php?id=21493
https://www.coursera.org/learn/plastic-electronics#syllabus
https://doi.org/10.1007/978-3-319-38925-7
https://doi.org/10.1007/978-94-024-1255-0
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system

— DneKkTpoHHas OoubMoTeKa (pemo3uTopuit) Ty —
http://vital.lib.tsu.ru/vital/access/manager/Index

— OBC Jlans — http://e.lanbook.com/

— OBC Koncynbrant cryaenra — http://www.studentlibrary.ru/

— Oo0pasoBatenbHas wiardopma FOpaiit — https://urait.ru/

—9BC ZNANIUM.com — https://znanium.com/

— DOBC IPRbooks — http://www.iprbookshop.ru/

14. MaTtepua/jbHO-TeXHUYECKOe o0ecrieyeHue

Aynuropun i IpOBEIEHUS 3aHATUH JIEKIIMOHHOTO TUIIA.

Ayautopuu Juis NPOBEJIEHUS NPAKTUUYECKUX 3aHATHH, MHAUBUAYAIbHBIX U TPYNIIOBBIX
KOHCYJIbTal[MH, TEKYIEro KOHTPOJIS U POMEKYTOYHOM aTTeCTaluu.

[Tomerienust Iss cCaMOCTOSITENNFHONW paboThI, OCHAIEHHBIE KOMIBIOTEPHONH TEXHUKOH U
JOCTYIIOM K ceTu VHTepHeT, B 3JIEKTPOHHYI0 HMH(OpPMALMOHHO-00pa30BaTEIbHYIO CpPEely U K
UH(OPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Aynuropun Ay NPOBEACHHS 3aHATUN JIGKIIMOHHOIO THUIIA, WHIUBUAYAIbHBIX U
IPYIIIOBBIX KOHCYJIBTALMM, TEKYIIEro KOHTPOJIS U IIPOMEKYTOUYHOM aTTECTAllMd B CMEIIAHHOM
dopmate (AKTPY»).

15. Undopmauus o paspadorunkax

N3aak Tarbsina MiBaHOBHA, KaHJ. XMM. HayK, JIOICHT, Kadeapa aHATUTHYCCKON XUMUN
HanponansHOTo MccnenoBaTebeckoro TOMCKOTo rocy 1apcTBEHHOTO YHUBEPCUTETA, JOICHT.

I'aBpuiienko Hatamust AliparoBHa, TOKT. XMM. HayK, JOICHT, Kadeapa aHATUTHUECKOU
XUMUM  HalMoHAIBHOTO HCCIIeA0BATEIHCKOTO TOMCKOTO TOCYJapCTBEHHOTO YHHUBEPCHUTETA,
npodeccop.


http://vital.lib.tsu.ru/vital/access/manager/Index
http://e.lanbook.com/
http://www.studentlibrary.ru/
https://urait.ru/
https://znanium.com/
http://www.iprbookshop.ru/

